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Abstract
The American Academy of Neurology has published a comprehensive review and guidelines for
the use of disease-modifying therapies (DMTs) in multiple sclerosis (MS) for the ﬁrst time
since 2002. These guidelines represent the work of MS experts, patients, and guideline experts
and are based on their review of randomized controlled trials and observational evidence that
addresses a set of prespeciﬁed questions related to starting, switching, and potentially discontinuing DMTs. Many of the recommendations address decision-making regarding the use
of DMTs and incorporate the perspective of patients. Modiﬁed Delphi methods were used to
establish consensus recommendations that were assigned a level of clinical obligation (actions
a clinician must [A], should [B], or may [C] do). Most guideline recommendations are level B.
Few reached level A, and several achieved only level C, primarily because of lack of evidence.
The guidelines eschew formal treatment algorithms and do not address ﬁnancial considerations
and a variety of other controversies. We identify remaining uncertainties, the most important of
which is the choice of available DMTs for the average newly diagnosed patient. We reiterate
a number of research needs identiﬁed in the guidelines that could aﬀect the use of DMTs,
including improved deﬁnition of breakthrough disease requiring change in therapy, development of better and universally accepted deﬁnitions of both benign and aggressive MS,
more and longer-duration comparative eﬀectiveness trials, discovery and validation of biomarkers of disease activity and response to therapy, and development of treatment strategies
focused on neuroprotection, remyelination, and neural repair.
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Glossary
AAN = American Academy of Neurology; AE = adverse event; CARE-MS = Comparison of Alemtuzumab and Rebif Eﬃcacy in
Multiple Sclerosis; CIS = clinically isolated syndrome; DMT = disease-modifying therapy; EAN = European Academy of
Neurology; ECTRIMS = European Committee for Treatment and Research in Multiple Sclerosis; JC virus = John Cunningham
virus; MS = multiple sclerosis; NEDA = no evidence of disease activity; PPMS = primary progressive multiple sclerosis; RA =
rheumatoid arthritis; RCT = randomized controlled trial; RRMS = relapsing-remitting multiple sclerosis; SPMS = secondary
progressive multiple sclerosis.

Since the introduction of interferon β-1b as a diseasemodifying therapy (DMT) for multiple sclerosis (MS) in
1993, 15 additional DMTs have been approved by international regulatory agencies; others are used “oﬀ-label.”
The nature, mechanism of action, route of administration,
side eﬀects, long-term risks, eﬃcacy, and cost of these DMTs
vary considerably. When, which, and in what order DMTs
should be used remains undeﬁned. Thus, the new American
Academy of Neurology (AAN) guideline for MS DMT use,1
the ﬁrst since 2002, is highly anticipated.

Guideline process and contents
A panel of MS experts, patients, and guidelines experts developed recommendations for starting, switching, and stopping DMTs in patients with clinically isolated syndrome (CIS,
or ﬁrst clinical event), and relapsing and progressive forms of
MS. The panel made no suggestions for those with radiologic
features consistent with MS without clinical symptoms and
signs of MS, so-called radiologically isolated syndrome.2 The
panel began by systematically reviewing available evidence,
mainly derived from randomized, placebo- or active
comparator-controlled trials (RCTs) that addressed prespeciﬁed questions related to eﬃcacy and harm of MS DMTs.
The systematic review examined data related to eﬃcacy
(RCTs only) and harm (RCTs and observational studies).3
The review summarizes evidence for DMT eﬃcacy compared
with placebo in CIS (for the outcome of conversion to clinically deﬁnite MS), relapsing-remitting MS (RRMS) (annualized relapse rate and risk of relapse at 2 years, new MRI
disease activity, and in-study disease progression), and progressive MS (relapse rate and in-study progression). For
patients with disease activity on DMT, evidence for superiority of switching to a diﬀerent DMT compared with no DMT
change was assessed for relapse rate and MRI T2 or
gadolinium-enhancing lesion activity outcomes. Risks of harm
were assessed using adverse events (AEs) that required DMT
discontinuation and serious or life-threatening AEs. In accordance with AAN guideline development processes,4 data
from the systematic review were integrated with additional
evidence not captured by the review, principles of care, and
inferences derived from the available evidence. Prior to analyzing the collected data, panel members contributed to an
anonymous poll to determine the “minimal clinically meaningful diﬀerence” for estimates of eﬃcacy and AEs. Modiﬁed
Delphi methods were used to establish consensus
Neurology.org/N

recommendations that were assigned a level of clinical obligation (actions a clinician must [A], should [B], or may
[C] do).
The guideline introduces notable new statements on disease
stratiﬁcation (identifying and treating “highly active” MS with
alemtuzumab, natalizumab, or ﬁngolimod), disease monitoring and switching DMTs for treatment-adherent patients who
experience “… 1 or more relapses, 2 or more unequivocally
new MRI lesions, or increased disability on examination, over
a 1-year period” (eﬀectively a deﬁnition of treatment failure),
stopping DMTs because of an unfavorable beneﬁt/risk proﬁle, and oﬀering ocrelizumab for primary progressive MS
(PPMS). Most of the guideline recommendations are derived
from evidence unrelated to the systematic review and emphasize patient counseling about treatment options, risks,
adherence, disease and side eﬀect monitoring, and pregnancy;
these will be useful guides for achieving measures of quality
MS care. Almost all guideline recommendations are level B;
the few that reached level A status included incorporation of
patient preferences into treatment decisions, having ongoing
patient-provider dialog about treatment options during the
disease course, and counseling about the increased risk of
relapse after natalizumab discontinuation. Predictably, level C
recommendations, often with lack of panel consensus, applied
to issues with inadequate evidence or ongoing controversy,
such as deferral of DMT in patients without recent inﬂammatory disease activity, use of natalizumab in JC virus–
seropositive patients, stopping therapy for apparent futility in
secondary progressive MS (SPMS), and use of unapproved
drugs, such as azathioprine, when approved DMTs are not
accessible.

Guideline context
Although the panel utilized many areas of evidence and inference beyond the systematic review data, several clinically
relevant areas were not addressed. Eﬃcacy analyses were
limited to 2-year relapse and Expanded Disability Status Scale
progression outcomes and did not consider longer-duration
MRI studies5,6 or other now commonplace composite outcomes such as “no evidence of disease activity” (NEDA),7
which combines clinical and MRI measures. Extensive RCT
data on DMT eﬀects on measures of brain atrophy, the
strongest MRI correlate with clinical progression,6,8 were not
Neurology | Volume 90, Number 24 | June 12, 2018
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considered. Observational comparative eﬃcacy studies that
assess the eﬀects of switching to one highly active DMT or
another were not reviewed.9 The current status of autologous
stem cell transplantation protocols was not assessed,10 presumably because all but one of these studies have been
open-label and uncontrolled. The review did not consider
patient-reported outcomes such as quality of life11 or fatigue.
Cost and accessibility were only superﬁcially considered.
Use of unapproved drugs from the same class (e.g., using
rituximab in place of ocrelizumab)12 or biosimilar/generic
preparations was not discussed, even though there are now 2
approved generic versions of glatiramer acetate.
Clinicians, patients and their advocates, and administrative
bodies that govern drug payment plans will scrutinize the panel
recommendations. They will ﬁnd neither speciﬁc advice on
starting, switching, or stopping individual drugs nor an algorithm that serves to individualize patient care based on recent
disease activity, age, MRI burden of disease, comorbidities, or
other factors known to aﬀect disease progression. The lack of
an explicit statement advocating for patients and physicians to
be the decision-makers for when to start, stop, or discontinue
individual DMTs will not deter insurance companies from
“step editing” (requiring failure of one or more typically older
and less eﬃcacious DMTs before allowing access to higheﬃcacy DMTs, based primarily on ﬁnancial considerations).
The results of the systematic review and the panel recommendations do, however, identify contemporary evidence gaps
and outline the imperative questions for future research. These
questions include initial treatment strategies (induction vs
escalation approaches), the validity of composite “treat to
target” outcome measures, treatment of progressive MS, and
establishing the presence and magnitude of long-term beneﬁts
from drugs approved on the basis of short-term treatment (see
below). While not part of this guideline, the AAN has already
stated an explicit position that the patient, with assistance from
their provider, should be making these complex decisions
about starting, stopping, and discontinuing DMTs.13
Comparison of the new AAN recommendations to other MS
DMT consensus statements is informative. The “Brain Health:
Time Matters in Multiple Sclerosis” report,14 endorsed by 17
international MS groups, presented a widely held view of how
MS negatively aﬀects patients, families, and society, and emphasized the importance of rapid diagnosis and eﬀective
treatment to maximize lifelong brain health. The report supported the concept that MRI measures, including accelerated
brain atrophy, should be interpreted as treatment-modiﬁable
disease activity. The report contends that newer DMTs are
more eﬀective than older ones but does not recommend
speciﬁc “ﬁrst-line” treatments. It discourages DMT discontinuation, advising to “maintain treatment with a diseasemodifying therapy for as long as a person with MS would be at
risk of inﬂammatory disease activity if they were not receiving
treatment.” Similarly, the consensus paper authored by the MS
Coalition15 summarized current evidence about DMT use and
“provide(s) support for broad and sustained access to MS
1108
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disease-modifying therapies for people with MS in the United
States.” Neither paper strived for balance on controversial
topics, such as the signiﬁcance of brain atrophy or the superiority of newer DMTs. Both emphasized challenges of medication access and advocated for early and persistent
intervention with MS DMTs. The new AAN guideline is
comparatively more conservative and balanced while oﬀering
speciﬁc guidance about DMT use. The 2015 American
College of Rheumatology Guideline for the Treatment of
Rheumatoid Arthritis (RA)16 oﬀers a systematic review of
disease-modifying antirheumatic drugs and promotes algorithmic approaches to treatment of early RA and established
RA, a chronic inﬂammatory disease with many therapeutic
challenges in common with MS. The American College of
Rheumatology guideline oﬀers concrete suggestions for how
to deal with high-risk patients and vaccinations. In contrast, the
AAN guideline eschews speciﬁc algorithms and expressly
identiﬁes a number of instances of lack of consensus among
the panel members. Finally, the European Committee for
Treatment and Research in Multiple Sclerosis (ECTRIMS)
and the European Academy of Neurology (EAN) developed
a guideline with 20 statements on starting and switching
therapies in CIS, RRMS, and progressive MS, with a signiﬁcant
focus on monitoring with MRI.17 The ECTRIMS/EAN
guidelines steer clear of speciﬁc treatment algorithms and do
not address radiologically isolated syndrome similar to the
AAN guidelines. The ECTRIMS/EAN guidelines oﬀer
a rather conservative approach to treatment and do not recommend treating aggressive disease with more eﬃcacious
therapies, and recommend “Consider continuing a diseasemodifying drug if the patient is stable (clinically and on MRI)
and shows no safety or tolerability issues,” rather than advocating long-term use to maintain disease suppression. As
with the AAN guideline, the ECTRIMS/EAN guidelines do
not mention stem cell transplants, biosimilar/generics, or
advocate stabilizing brain atrophy as a goal of treatment.
The ECTRIMS/EAN guidelines suggest mitoxantrone as an
option for active SPMS despite its rare contemporary usage
and recommend ocrelizumab and cladribine for SPMS despite
absence of RCTs. Finally, they do not discuss JC virus antibody serology and antibody index to guide treatment.

Controversies
High-efficacy therapy at the outset
A number of controversies remain unanswered in this
guideline, primarily because of lack of data, the most important of which is the decision as to which DMT, or group of
DMTs, should be used after diagnosis of relapsing MS. In the
United States, insurance companies “step edit” medication
choices. Many clinicians, based on some evidence, agree that
newly diagnosed patients with MS who have clinical and radiographic markers of poor prognosis in the early stages of MS
should be treated with agents with higher eﬃcacy from the
outset, even if associated with greater risks. Although there is
general agreement about the nature of clinical, demographic,
Neurology.org/N
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and other prognostic variables, how to use those variables to
generate an accurate prognosis remains elusive. Indeed, the
utility of presently available prognostic markers in individual
patients is limited. MRI T2 lesion load at presentation has
only modest predictive value. Gadolinium-enhancing lesion
number and spinal cord lesions may oﬀer more short-term
prognostic information, but long-term validation of these
measures is not yet available,18 and some concern has been
raised about potential risk of gadolinium given evidence of
long-term persistence in the brain. Thus, the lack of excellent
long-term markers limits the ability to deﬁne optimal riskbeneﬁt proﬁles early in the disease course.5,19 Similarly, there
was lack of panel consensus for what constitutes “very active
MS,” a situation in which most clinicians agree that higheﬃcacy treatments are appropriate. The guidelines suggest
that patients with established “benign MS,” presumably those
patients who have established MS for 5 or more years but have
a normal or mildly abnormal examination and a low MRI
lesion burden, although there is no consensus on deﬁnition,
may be appropriately not treated with DMT while monitoring
disease activity. But what of the “average” newly diagnosed
patient? Comparative studies of higher- vs lower-eﬃcacy
DMTs from disease onset are limited and do not include longterm follow-up. Further confusing the issue is that changing
diagnostic criteria may be favorably inﬂuencing the long-term
prognosis of MS, as patients with milder forms of MS are
identiﬁed simply with additional MRI activity over time.
Whether this reﬂects an earlier time point at which MS is
actually diagnosed and potentially treated, or represents
a milder variation of MS that perhaps does not need to be
treated at all, remains an unresolved issue.
The arguments for treating the “average” newly diagnosed
patient with MS using injectable medications approved more
than 20 years ago and escalating to more eﬀective but
somewhat more risky therapy only if the patient has signs of
signiﬁcant recurrent disease activity are as follows: (1) the
natural history of MS is variable and several studies suggest
that as many as 40%20 will have a benign course at 10 years
from onset, although the proportion who are still benign
after 20 years is 10% to 20%21,22; (2) the signiﬁcance of brain
atrophy is unclear in the long term and many confounders
render it unreliable as a prognostic indicator in individual
cases6,23,24; (3) a signiﬁcant proportion of patients are
attack-free and do well on interferon β preparations or glatiramer acetate, and these drugs are signiﬁcantly safer than
more aggressive treatments25; (4) clinical and radiologic
monitoring for MS disease activity (clinical relapses or new
contrast-enhancing or T2 lesions), although imperfect,
allows adequate identiﬁcation of patients whose treatment is
deemed to have failed26–28 and would beneﬁt from treatment escalation; and (5) the relative eﬃcacy of treatments is
incompletely understood and methods to identify relative
eﬃcacy often rely on retrospective analysis and partially effective methods to control for indication and attrition bias
such as propensity matching and pairwise censoring29; it is
diﬃcult to identify whether a patient will be a good
Neurology.org/N

responder to any particular treatment or beneﬁt from
switching treatment.
The arguments that the “average” patient should be treated
aggressively from the outset, assuming appropriate risk factors
such as seropositivity for JC virus are taken into account, are
as follows: (1) MS has likely been active and caused brain
injury for many years before becoming clinically manifest30;
(2) the vast majority of patients will develop signiﬁcant disability over time and important disability accrues even in
“benign” patients when cognitive impairment and decreased
employability are considered31,32; (3) failure to suppress
disease activity in the early years after diagnosis predisposes to
a secondary progressive phase of the illness and later advanced
disability,33 and early disease markers that identify those who
will be classiﬁed as having a “benign” course after 10 or more
years are imperfect22; (4) new inﬂammatory disease activity
that responds to presently available DMTs is most prominent
early in the course of MS and the potential for eﬀective intervention decreases over time34,35; (5) RCT subgroup
analyses have consistently shown greatest beneﬁt in younger
patients36; (6) age-related comorbidities (e.g., diabetes, hypertension, cancer, JC virus–positive status) limit use of some
DMTs later in the disease course37; and (7) despite imperfect
and short-term comparison trials, newer agents, especially the
monoclonal antibodies such as natalizumab, alemtuzumab,
and ocrelizumab, have consistently been found to be superior
in eﬃcacy compared to interferons and glatiramer acetate.38
While it is methodologically diﬃcult to obtain comprehensive
long-term evidence for superiority of one treatment over
another, a study funded by the Patient-Centered Outcomes
Research Institute will address this issue directly.39
Discontinuation of DMTs
Whether and when to discontinue DMTs in stable patients
are highly contentious issues with no high-quality evidence to
guide decision-making. Independent of treatment, inﬂammatory events, such as relapses35 and new gadoliniumenhancing lesions,34 diminish in frequency with time and
disease duration, consistent with low frequency of active inﬂammatory white matter MS lesions at autopsy of patients
with long-standing MS.40 Discontinuation or interruption of
DMT in patients with recently active disease often results in
disease reactivation, if not rebound, as reported in patients
who discontinue natalizumab41 or ﬁngolimod.42 The guideline suggests considering DMT discontinuation in some
patients with CIS or early RRMS who are doing well. This is
somewhat counterintuitive, as stabilization is the main goal of
therapy. However, patients with a favorable prognostic proﬁle,
or whose disease may have become quiescent with increasing
age, might be reasonably observed oﬀ treatment and monitored for recurrent disease activity. This approach potentially
may permit discontinuation of expensive, intrusive, and possibly unnecessary treatments. The guideline did not identify
subgroups appropriate for such a strategy based on age; discontinuation in younger patients poses greater concerns given
the higher chance of recurrent disease activity. A critical area
Neurology | Volume 90, Number 24 | June 12, 2018
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of future research is improved determination of when inﬂammatory disease activity has entirely or largely ceased,
ideally with a reliable biomarker. The Discontinuation of
Disease Modifying Therapies in MS (NCT 03073603),43 an
RCT of DMT discontinuation, funded by the PatientCentered Outcomes Research Institute and the National
Multiple Sclerosis Society, will assess the eﬀects of discontinuation in those 55 years and older with no evidence of
relapse or MRI-determined disease activity for at least 5 years
before enrollment.
Appropriate and actionable MRI targets for
“treat to target” approaches
In other relapsing inﬂammatory diseases, such as RA, early
potent therapies are now recommended for patients16 with
unfavorable prognostic proﬁles as determined by regular
monitoring with composite clinical, radiologic, and laboratory
indicators of disease activity. A similar approach of regular
monitoring and attempting to achieve NEDA based on assessment of clinical relapses, change in neurologic examination,
and MRI monitoring of disease activity has recently been touted
as a way of optimizing MS outcomes.44 However, the rate at
which NEDA is achievable in standard outpatient practice,
at least using injectable therapies as ﬁrst-line therapies, even at
highly specialized MS centers, is less than 10% over 7 years.45 In
addition, some studies suggest that NEDA attainment is not
even highly predictive of future outcome.46 Brain atrophy, especially gray matter atrophy, has been reported to correlate with
disability progression,6 but the means to measure it reliably in
practice are lacking, and there are a number of confounders that
inﬂuence its measurement.23,24 Nevertheless, the MS community has clearly moved beyond initiation of a DMT as a standalone strategy and toward a standard of monitoring success of
treatment and developing algorithms for switching when necessary to more aggressive treatments. A systematic review
showed that detection of gadolinium-enhancing lesions was
associated with greater predictive power for interferon treatment failure compared with detection of new T2 lesions.
However, enhancing lesions may be more accurately detected
and development of some T2 lesions might occur before full
treatment eﬀect has been achieved.26 A more recent analysis
showed that a clinical relapse plus 3 or more new T2 lesions
during the ﬁrst year of therapy was associated with both higher
rates of treatment failure and disability worsening.27 The level
of acceptable disease activity remains to be fully established but
should include a combined clinical and MRI assessment.28
Treatment for PPMS
The ORATORIO study showed that ambulatory decline was
delayed in patients with PPMS treated with ocrelizumab
compared to placebo (hazard ratio for 6-month conﬁrmed
worsening of disability: 0.76 [0.58, 0.98; p = 0.0321]).47 The
committee recommends that ambulatory patients should be
prescribed ocrelizumab barring any contraindication or situation whereby risk outweighs beneﬁt. This recommendation
failed to meet consensus, although the ﬁnal decision was to
designate treatment of PPMS as a level B recommendation.
1110
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Although ocrelizumab was the ﬁrst DMT to demonstrate efﬁcacy for this disease phenotype in which many other drugs
had failed, the mechanism of action of ocrelizumab is believed
to be reduction of inﬂammatory processes in MS, which typically diminish in importance over time. Subgroup analysis of
the ORATORIO study showed that the beneﬁts were greatest
in younger patients,48 especially those with evidence of ongoing inﬂammatory disease, in parallel to observations from
other subgroup analyses in SPMS.49 Given the generally slow
evolution of disability in PPMS, the observed degree of beneﬁt
is unlikely to be perceptible to individual patients. Although
the committee acknowledges in its recommendations for future research that treatments need to be individualized to
patient proﬁles, it did not recommend that clinicians select
patients who are most likely to beneﬁt, presumably patients
with earlier disease and more evident disease activity on MRI.
Long-term benefits from short-term treatment
in patients with early MS
The alemtuzumab clinical trials targeted patients in early
phases of MS, either treatment naive (CARE-MS I)50 or having
failed one or more treatments (CARE-MS II),51 to address the
hypothesis that early treatment with aggressive therapy might
be more eﬃcacious than later treatment. Alemtuzumab was
more eﬀective than thrice weekly subcutaneous interferon
β-1a. Follow-up studies suggest that patients treated with
alemtuzumab have high rates of long-term remission despite
treatment with yearly induction therapy for only 2 or 3 years.52
However, there was no convincing diﬀerence in eﬃcacy between patients treated with alemtuzumab in CARE-MS I vs
those who were treated in CARE-MS II, and a comparative
group that was treated in later phases of MS was lacking.
Nevertheless, the long-term alemtuzumab ﬁndings are consistent with the observation that short-term (2-year) treatment
with cladribine,53 another treatment regarded as quite aggressive, provided robust and lasting beneﬁts for highly active
MS. The European Medicines Agency recently approved cladribine on the basis of these post hoc analyses,54 and it appears
that approval will be sought in the United States as well.

Future needs
The AAN committee has presented a useful list of future
requirements, including improved disease outcomes reﬂecting
all relevant outcomes; deﬁnition of breakthrough disease and
acceptable level of disease activity; better deﬁning of both
benign and highly active MS and matching intensity and aggressiveness of treatment to these deﬁnitions; improving
strategies to determine comparative eﬀectiveness; and deﬁning
when treatment can be stopped. Decisions about when to
initiate treatment and how aggressively and how long to treat
are ideally informed not only by evidence of short-term eﬃcacy from clinical trials but also by evidence of long-term
beneﬁt on robust measures, such as large increments of disability of unassailable signiﬁcance.55 These treatment decisions
should be based on prediction of treatment response in
Neurology.org/N
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individual patients, aiming for precision and personalized
medicine in MS care.56 Data on this subject are generally
lacking, and long-term outcome studies are often confounded
by biased decisions about continuation of treatment and biased follow-up.57 Results have generally, but not universally,
supported long-term beneﬁts, and study discordance might be
explained by biases inherent in physician decisions to initiate
immunomodulatory treatments. For example, withholding of
treatment with perceived benign prognosis and from patients
with progressive MS would be expected to have opposite
eﬀects on the long-term results of treatment when compared
to those who did not receive treatment. Stratiﬁcation into
prognostic tiers using widely accepted prognostic composites
has assisted investigators in demonstrating beneﬁts of interferon β treatment in some “real world” studies. Comprehensive long-term follow-up of RCT participants and
improved strategies of Bayesian stratiﬁcation based on baseline
and on-treatment “intermediate” outcomes are likely to be of
increasing importance,57 as are data from large, real-world
cohorts such as MSBase.58
Validated therapeutic biomarkers that are individualized to
the mechanism of action of the drug and can predict treatment success would improve the cost-eﬀectiveness of DMTs.
Biomarkers should be sensitive to the mechanisms driving
progression of disability, whether inﬂammation or neurodegeneration, the relative importance of which changes over
time and with advancing disability. Inﬂammation, at least as
detectable by new and gadolinium-enhancing MRI lesions,
which are most clearly aﬀected by current treatments,
becomes less apparent over time.
Comparative studies between treatments are diﬃcult to conduct, especially in the absence of a highly sensitive and reliable
outcome measure. Although head-to-head comparative studies
are the most rigorous, they require very large sample sizes to
demonstrate diﬀerential eﬃcacy utilizing current accepted but
insensitive outcome measures such as attack frequency and
increasing Expanded Disability Status Scale score.
While anti-inﬂammatory strategies are believed to be critical
in early phases of the disease, early axonal protection and
rapid reversal of demyelination are also likely to be important
for prevention of irreversible axonal loss. Treatments that
enhance repair are not yet available. Progress may be hindered
by the lack of well-deﬁned clinical, radiologic, or laboratory
methodologies to assess the success of reparative treatments.
However, the advent of neuroﬁlament detection in CSF59 and
potentially in serum60 are promising, as are emerging neuroimaging strategies (magnetic transfer ratio and myelin water
measurements) to assess the extent of remyelination.61 Regenerative strategies are also important targets of treatment,
and studies targeting these strategies are in their infancy.
Emerging treatment strategies not covered in this review are
cell-based therapies that may have capacity to home to the site
of pathology and produce a more coordinated and biologically
Neurology.org/N

appropriate reparative response of cytokines and growth factors
than is possible with current pharmacotherapy. Remyelinationpromoting treatments that stimulate endogenous myelin repair,
neutralize inhibitory inﬂuences to remyelination (opicinumab,
anti-LINGO-1),62 stimulate diﬀerentiation of oligodendrocyte
precursor cells,63 or directly introduce remyelinating cells are
emerging as potential treatment strategies.64
The pace of introduction of new treatments and emerging AEs
that require speciﬁc risk mitigation eﬀorts and anticipated
studies that inform when and how to switch or stop treatments
will necessitate more frequent guideline updates. The neurology community would beneﬁt from a standing committee
that regularly updates treatment guidelines based on emerging
evidence. Its recommendations might even serve as an impetus
for initiation of studies that address some of these key issues.
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